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Background: The pathway to primary certification in vascular surgery is evolving, requiring trainees to make earlier career
decisions. The goal of this study was to evaluate exposure to and knowledge of vascular surgery obtained during medical
school that could affect career decisions.
Methods:A survey was conducted of recent medical school graduates enteringmilitary residency programs. Questions were
designed to ascertain the medical school attended and degree obtained, exposure to and perception of vascular surgery,
and basic vascular surgery knowledge.
Results: Of 316 individuals who were identified and sent surveys, 218 (69%) responded. There were 131 allopathic
graduates (60%), 87 (40%) osteopathic graduates, and 53 (25%) were entering a surgical residency. Clinical clerkships
(32%) were the primary reason for specialty selection, followed by lifestyle (29%). Most respondents (66%) did not have
a vascular clinical clerkship. Regarding perception, 56% of respondents would consult interventional radiology for a
peripheral arteriogram vs vascular surgery (39%). The mean score of the knowledge-based questions was 69%. Incoming
postgraduate year (PGY) 1 surgical residents had a statistically higher mean score on the knowledge portion (P < .001).
In addition, a positive correlation was noted with the number of weeks spent on a surgical (P < .03) and a vascular
surgical (P < .001) rotation and the mean score. Subgroup analysis revealed a higher percentage of individuals with a
vascular clerkship achieved a “high” score vs those without a vascular surgery clerkship (P < .001).
Conclusion: Our cohort of medical school graduates had limited exposure to and knowledge of vascular surgery.
Providing more clinical exposure in medical school appears necessary to ensure success of the modified pathways for
primary certification in vascular surgery. (J Vasc Surg 2010;51:252-8.)The training paradigm in vascular surgery has shifted
with the adoption of a primary certificate. The Vascular
Surgery Board of the American Board of Surgery (VSB-
ABS) applied for this certification and the American Board
of Medical Specialties approved it in 2006. As a result,
vascular residents do not need to be board-certified in
general surgery to be certified in vascular surgery. The
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252traditional pathway of 5 years of general surgery and 2 years
of vascular surgery (5  2 pathway) will likely continue as
well as an early specialization pathway of 4 years of general
surgery and 2 years of vascular surgery (4 2 pathway) that
will lead to certification in both specialties. However, the
integrated pathway without any dedicated general surgery
training (0 5) will lead to certification in vascular surgery
only.1
The impetus of changing the training paradigm is the
changing scope of the practice of vascular surgery occurring
during the last decade. With the advent of endovascular
therapy and the shifting of practice to more specialized
catheter-based treatments, not many newly trained vascular
surgeons perform general surgical procedures.2-6 In addi-
tion, the applicant pool for all surgical specialties has de-
creased during this time frame, with one consistent issue
being the length of time required to become a specialized
surgeon. The success of specialties such as plastic surgery in
converting to a direct specialization with shorter training
time has been an encouraging model.
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that current medical students will need an early under-
standing of the specialty of vascular surgery to commit to
the integrated program. We performed an anonymous sur-
vey of all incoming 2008 postgraduate year (PGY) 1 resi-
dents entering army graduate medical education programs
and attempted to elicit the following from our cohort: basic
knowledge of vascular surgery, exposure to vascular surgery
during medical school, and their perception of the vascular
Fig 1. Continued.surgery scope of practice.METHODS
Our Institutional Review Board approved this study. A
questionnaire was created by the senior authors (N.S.,
C.A., W.D.C.), all of whom are vascular surgeons involved
in an academic training program. The content of the survey
was designed to be brief and optional for those identified as
an incoming PGY-1 resident. The survey was distributed by
e-mail (SurveyMonkey.com) to all of the identified resi-
dents as an anonymous questionnaire designed to ascertain
demographics, exposure to and perception of vascular sur-
gery, and basic vascular competence. The competence por-
tion of the questionnaire included 15 questions focused on
vascular knowledge, definitions, and vascular surgical pro-
cedures (Fig 1).
Each questionnaire was scored on the raw number of
correct answers and the percentile of correct responses.
Questionnaire responses and competence scores were ana-
lyzed for the entire group and for the subgroups of individ-
uals with and without a vascular surgery clerkship. Individ-
ual respondents were categorized as “high scoring” if their
percentile of correct answers was greater than one standard
deviation above the mean.
Correlations between the number of weeks of surgical
exposure and competence scores were analyzed with the
Pearson correlation coefficient. The results were tabulated
and analyzed using the t test, analysis of variance, and 2
analysis, where appropriate. SPSS software (SPSS Inc, Chi-
cago, Ill) was used for the analysis.
RESULTS
Of 316 individuals who were identified and electroni-
cally mailed the survey, 218 (69%) responded. The cohort
consisted of 131 (60%) allopathic graduates (MD), 87
(40%) osteopathic graduates (DO), and 28 individuals
(13%) had additional graduate degrees. Most respondents
attended civilian medical schools, with only 27 individuals
(12%) graduating from the Uniformed Services University
of the Health Sciences. Paralleling the density of medical
schools in the Northeast, 53% of the incoming PGY-1 class
attended school in this region (Table I).
Choice of residency. Of the incoming PGY-1 resi-
dents who responded to the survey, 75% did not choose a
surgical field. This finding was consistent for the entire
group: 78% (247 individuals) of the incoming class did not
enter a surgical specialty. Of those that responded to the
survey, 51% chose the primary care specialties of family
Table I. Region of medical school
Region Students, No. (%)
Northeast 117 (53)
Southeast 32 (15)
Northwest 4 (2)
Southwest 19 (9)
Midwest 46 (21)medicine, internal medicine, pediatrics, or emergencymed-
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entering general and orthopedic surgery (Table III). The
primary reason for specialty selection given was third- and
fourth-year clinical clerkships (32%), followed by lifestyle
(29%; Table IV).
Exposure to surgery. The cohort had excellent expo-
sure to general surgery, with 81% spending at least 8 weeks
(mean, 8.6  4 weeks) on a general surgical clerkship
(Table V). During their third or fourth year of training,
66% did not have a separate vascular clinical clerkship, with
the entire cohort spending an average of 1 week (mean,
0.76  1.3 week) on a vascular rotation (Table VI). Of
those students who rotated on vascular surgery, the mean
time was 2.23 weeks on the clerkship.
Knowledge of vascular surgery. The mean score of
the knowledge-based questions was 69%  13%, and the
difference in the score between theMD (69.8% 14%) and
DO respondents (69.2%  14%) was not significant. Most
Table II. Nonsurgical specialty choice
Specialty Total No. (%)
Anesthesiology 9 (4)
Dermatology 3 (1)
Emergency medicine 25 (12)
Family medicine 23 (11)
Internal medicine 39 (18)
Pediatrics 22 (10)
Physical medicine 3 (1)
Psychiatry 2 (1)
Radiology 11 (5)
Transitional 22 (10)
Neurology 3 (1)
Pathology 3 (1)
Total 165 (75)
Table III. Surgical specialty choice
Specialty Total No. (%)
General surgery 21 (10)
Orthopedic surgery 16 (7)
Neurosurgery 2 (1)
Ear, nose, and throat 2 (1)
Urology 4 (2)
Obstetrics/gynecology 8 (4)
Total 53 (25)
Table IV. Reason for choosing residency
Reason Total No. (%)
Lifestyle 63 (29)
Economic 5 (2)
Mentorship 38 (17)
Procedures 41 (19)
3rd-year clinical clerkship 42 (19)
4th-year clinical clerkship 28 (13)did well with basic anatomy and not as well with definitionsin vascular surgery (Table VII). Incoming PGY-1 residents
entering a surgical residency had a statistically (P  .001)
higher overall mean score (76% 14%) than those entering
a primary care specialty (67%  11%). In addition, the
overall competence score showed a positive correlation to
the number of weeks spent on a surgical rotation (r 0.20,
P  .03) as well as a vascular surgical rotation (r  0.43;
P  .001; Pearson correlation, Fig 2 and Fig 3). In the
subgroup comparison, a significantly greater percentage of
individuals with a vascular surgery clerkship achieved a
“high” score compared with those without a vascular sur-
gery rotation in all areas that were examined (Table VIII).
Procedures of vascular surgery. Regarding proce-
dures, 56% of students did not know how to correctly
perform an ankle-brachial index (ABI). In addition, when
asked to circle all of the procedures (leg bypass, cardiac
bypass, cardiac catheterization, angiograms, carotid endar-
terectomy, and amputations) a vascular surgeon performs,
Table V. Time spent on general surgery clerkship
Weeks Students, No. (%)
0 6 (3)
2 0 (0)
4 11 (5)
6 24 (11)
8 140 (64)
10-12 20 (9)
12 17 (8)
Table VI. Time spent on vascular surgery clerkship
Weeks Students, No. (%)
0 146 (67)
1 21 (10)
2 36 (17)
4 13 (6)
6 2 (1)
Table VII. Results of vascular knowledge-based
questions
Anatomy or definition Total correct, (%)
Definition of abdominal aortic aneurysm 215 (99)
Size of aorta 112 (51)
Definition of varicose vein 166 (76)
Location of great saphenous vein 218 (100)
Relation of right renal artery to renal vein 108 (50)
Grading of peripheral pulse 193 (89)
Significance of bruit 154 (71)
Definition of ankle-brachial index 196 (90)
Normal ankle-brachial index range 168 (77)
Identify extra-anatomic graft 119 (55)
Definition of autologous graft 178 (82)
What is a carotid endarterectomy? 190 (87)only 23% circled all of the correct answers. A statistically
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clerkship (93%) achieved a “high” score vs those individuals
without a vascular surgery clerkship (81%) in the procedure-
related questions (Table VIII). Regarding perception, 56%
of respondents would consult interventional radiology or
cardiology (5%) for a peripheral arteriogram vs vascular
surgery (39%).
DISCUSSION
The National Residency Matching Program (NRMP)
Fig 2. Score on knowledge-based portion and time on surgical
clerkship. Pearson correlation coefficient r216  0.43; P  .001;
significant at the 0.01 level (two-tailed).
Fig 3. Score on knowledge-based portion and time on vascular
surgical clerkship. Pearson correlation coefficient, r216 0.21; P
.03; significant at the 0.01 level (two-tailed).
Table VIII. Comparison of the percentage of individuals
achieving a “high” score in the areas tested
Category
With vascular
surgery clerkship, %
Without vascular
surgery clerkship, % Pa
Knowledge 100 78 .001
Definition 83 73 .001
Procedure 93 81 .009
aBy 2, high score defined as  1 standard deviation above mean.Web site currently lists 17 programs (19 positions total)that offer the integrated (0  5) vascular surgery residency
with all of the positions filled compared with 84% (102
positions of 121 total available) of certified positions filled
for the traditional 2-year pathway.7 The results bode well
for more programs to enter an integrated pathway in the
future and a more direct pathway to becoming a vascular
surgeon. Having queried 316 incoming PGY-1 residents
with a 69% response rate, we identified some crucial areas
that need to be addressed to ensure the success of the
integrated pathway.
First, the choice of residency from our survey was
consistent with numerous other surveys, and an important
factor is lifestyle (29%). The length of training to become a
surgeon and to specialize has led to the declining number of
surgical applicants, particularly United States (U.S.) grad-
uates that began in the late 1990s.8 The prospect of longer
training along with escalating indebtedness from student
loans led many to shun surgery and its subspecialties.9
Calligaro et al10 surveyed vascular surgery residents, gen-
eral surgery chief residents, and fourth-year medical stu-
dents to identify why some did or did not choose vascular
surgery for a career. The technical aspects, mentorship, and
complex decision making were stated by all as reasons to
choose vascular surgery. Medical students identified life-
style as a resident and surgeon as the most important
negative factor. All of the respondents favored a shorter
training paradigm, with 86% favoring a 3  3 type pro-
gram.10 Perhaps spending time on a vascular surgery service
would lead to better understanding of lifestyles. Because
many vascular procedures are performed with less invasive
endovascular techniques, the hospital course for this frail
population is likely shorter and less complicated, potentially
leading to a better-perceived lifestyle for the surgeon.
The other major reason for residency choice in our
cohort was the third- and fourth-year clerkships, which
when combined accounted for 32% of the choice of resi-
dency. This factor is consistent with the identification of a
mentor and understanding what the specialty entails. Lee et
al11 recently performed a similar survey that compared
applicants to their integrated vascular pathway vs applicants
to a general surgical residency and noted that 87% had
rotated for nearly 2 months on a vascular surgery service vs
45% of the general surgical applicants rotating an average of
2 weeks. In addition, 91% of the integrated applicants
identified a vascular surgeon as a mentor vs 45% of the
general surgical applicants.11 In our cohort representing a
wide range of medical graduates across the country, 66% of
respondents did not spend any time on a vascular surgery
clerkship, and the average time for the entire cohort was1
week.
Obviously, in this fairly broad cross-sectional group,
the lack of exposure to vascular surgery during the clinical
years implies that there is still some effort required to
promote the specialty in all medical schools. The Society of
Vascular Surgery and numerous regional societies have
been aggressively promoting vascular surgery, and we will
continue to need these efforts to be successful.12-17
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knowledge-based section was 69%, higher scores were
noted the longer a resident spent on a general surgery
rotation and vascular rotation. This expected result justifies
the benefit of rotation on vascular surgery during medical
school clerkships.Most respondents (77%) did not know all
of the procedures a vascular surgeon performs, and 61%
would consult a specialty other than vascular surgery to
perform an arteriogram. This result is similar to findings
from a survey by Muhs et al18 that looked at the difference
in referral patterns between surgical residents and internal
medicine residents and found that there was a significant
difference in perception of procedures and endovascular
skills of a vascular surgeon. They concluded that an aggres-
sive campaign to market these skills was needed.18
An effort to promote vascular surgery to the incoming
medical student (not PGY-1) would seem the best course
of action as well as establishing vascular surgery rotations
during the third and fourth year of medical school. It is
evident that many medical students spend significant time
on general surgery—81% in our cohort spent 8 weeks—
but not on vascular surgery. We cannot take for granted
that students will be exposed to vascular surgery during
their general surgery clerkships and must lobby for dedi-
cated vascular rotations during the clerkship years, particu-
larly the third year. In addition, we must fully embrace the
structured preparation and curricula development required
of these clerkships.
The concept of changing the training for vascular sur-
gery has not just occurred because of the recent evolution
of endovascular treatments but has been mentioned for
quite some time. In 1991, De Weese19 polled the 59
program directors of vascular surgery at that time about
whether they would consider accepting a resident for vas-
cular surgery training with 5 years of general surgery
training. Five of the 46 program directors who responded
said they would welcome an applicant with 4 years of
training, 16 said they would never accept a resident who has
not completed 5 years of general surgery training, and 25
stated they would consider strong applicants with 4 years of
training. Since 1991, numerous pathways have evolved that
do not involve 5 years of general surgery training, including
the integrated pathway.
Also, the concept of attracting more U.S. medical
graduates should be addressed. This year, 66 applicants
were registered in the NRMP, of whom 32 (48.5%) were
U.S. seniors that matched for 15 of the 19 positions
(78.9%) available. This factor is not isolated to vascular
surgery because it roughly parallels the match population in
the categoric position for general surgery as well (77.4%
U.S. graduates).7 The surgical specialties havemore foreign
graduate applicants than in the past, and this may represent
generational changes inU.S. graduates.8 Again, the need to
address lifestyle concerns, as well as actively pursue and
expose U.S. students to vascular and endovascular surgery
is evident.
Our survey does have limitations, but drew responses
from a fairly large cohort from numerous medical schools.We had 40% of the respondents from osteopathic medical
schools, but there was no statistical difference in their scores
and the allopathic graduates. Currently, there is not an
integrated program in the military, but this should not
affect the response of these incoming PGY-1 residents
because 88% attended civilian medical schools and may
have been exposed to programs with an integrated path-
way. Finally, few, if any, U.S. military-committed medical
students are foreign medical graduates, and they represent
a select group within the graduate medical education com-
munity.
CONCLUSIONS
Our cohort of incoming PGY-1 residents had limited
exposure to vascular surgery during their third- and fourth-
year clinical clerkships and displayed lack of knowledge
about vascular surgery and misperceptions regarding the
scope of practice of the specialty. The new training path-
ways and the match results are exciting and reaffirm recruit-
ment of future vascular surgeons must start early in their
medical school experience. This should be coupled with
increased efforts to expose them to procedures performed
by vascular surgeons and structured vascular and endovas-
cular education.
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